Purpose To develop tooth-binding micelle formulations of triclosan for the prevention and treatment of dental caries. Methods Alendronate (ALN) was conjugated to the chain termini of different Pluronic copolymers to confer toothbinding ability to the micelles. Using 3 different formulation methods, Pluronics and ALN-modified Pluronics were used to prepare triclosan-loaded tooth-binding micelles. The formulation parameters were optimized for triclosan solubility, particle size, hydroxyapatite (HA) binding capability and in vitro drug release profile. The optimized formulation was tested on an in vitro biofilm model. Results Direct dissolution was selected as the best formulation method. Triclosan-loaded tooth-binding micelles were able to inhibit initial biofilm growth of Streptococcus mutans UA159 by 6-log CFU/HA disc compared to the untreated control. These tooth-binding micelles were also able to reduce the viability of preformed biofilm by 4-log CFU/HA disc compared to the untreated control. Conclusions Triclosan-loaded tooth-binding micelle formulations have been successfully developed and optimized in this study. These micelle formulations demonstrated promising anti-cariogenic bacteria capabilities and may find applications in the prevention and treatment of dental caries.
INTRODUCTION
Streptococcus mutans is well known in the field of oral microbiology and clinical dentistry as the etiologic agent of dental caries in humans (1) . It was first found in human caries lesions by Clarke in 1924, and later, its relationship with dental caries formation was identified by Keyes in 1960 (2) . It is now considered a primary etiological agent of dental caries in both humans and animals (3). S. mutans possesses several virulence factors that contribute to its ability to both initiate caries development and to facilitate progression of the disease. Among them, three vital factors have been highlighted in the literature, including the ability 1) to metabolize dietary carbohydrates and produce lactic acid (acidogenicity), 2) to grow and survive in a low pH environment (aciduricity), and 3) to efficiently utilize dietary sugars to produce glucan polymers that contribute to plaque biofilm formation (1, 4, 5) . The ability of forming plaque on the tooth surface gives S. mutans a unique microenvironment for its growth, metabolism and survival (6) .
Mature dental plaque is a complex multispecies biofilm that grows on the tooth surface, embedded in a protective matrix of host and bacterial polymers (7) . Biofilm growth confers a survival mechanism to oral bacteria against many adverse factors, such as variation in pH, nutrient and oxygen deprivation, and, most importantly, antimicrobial agents. It is well-known that bacterial biofilms are inherently more resistant to antimicrobial agents compared to planktonic cultures. This increased resistance has been reported to range from 2-to 1000-fold greater than corresponding planktonic cultures (8, 9) . It is easy to envision that successful antimicrobial therapy against dental plaque biofilm is contingent on establishing an effective drug concentration at the tooth surface for a prolonged period of time (10) .
Triclosan is a broad-spectrum antimicrobial agent that is very active against Gram-positive species, including S. mutans. It is the most commonly used and most potent example of the chlorinated diphenyl ether class of antibacterial compounds (11) , which was approved by the US FDA in oral care products in 1997 (12) . However, poor water solubility (11 μg/ml, which is lower than its MIC of 20 μg/ml) (13) and low retention (half-life for clearance is only 20 min) (14) in the oral cavity have limited its effectiveness and application for prevention and treatment of dental caries. Recent studies have shown that a concentration greater than the MIC of triclosan is required for effective killing of S. mutans in biofilm compared to killing in liquid cultures (15) . When given as a pulse (a high initial inhibitor concentration which decreased with time), triclosan showed a reduced inhibitory effect, as bacterial numbers were restored within a few hours (16) . Thus, a delivery system that can increase triclosan solubility in water and improve its retention in the oral cavity (especially tooth surface) is highly desirable.
To enhance the anti-caries efficacy of triclosan, we have successfully developed a mineral-binding micellar drug delivery system that quickly binds to hydroxyapatite (HA), and releases encapsulated drug over a prolonged period of time. This micellar delivery system is composed of pluronic copolymer and a mineral binding moiety alendronate (ALN, a bisphosphonate) that was covalently conjugated to the ends of Pluronic copolymer using "click chemistry" (17) . The hydrophobic core of the pluronic micelle forms a host for hydrophobic drugs which should greatly increase drug solubility. ALN, which is known to have a high affinity for HA crystals (the main component of tooth enamel), should also dramatically enhance the retention of the drug on the tooth surface.
In this current study, we explored the feasibility of using this system to deliver triclosan to the tooth surface. The micelle formulation was optimized to achieve higher triclosan solubility, smaller particle size and higher binding capacity by employing different micelle preparation methods, different Pluronic copolymers and different ALNterminated Pluronic copolymers (ALN-Ps). The optimized formulations were then tested in an in vitro biofilm model to evaluate their ability to inhibit initial biofilm formation and, for the first time, their ability to treat preformed biofilm.
MATERIALS AND METHODS

Chemicals
Alendronate (ALN) was purchased from Ultratech India Ltd. (New Mumbai, India). Triclosan was obtained from TCI America (Portland, OR). Hydroxyapatite particles (HA, DNA grade Bio-Gel HTP gel) were purchased from BioRad (Hercules, CA). HA discs (0.5′ diameter×0.04-0.06′ thick) were purchased from Clarkson Chromatography Products, Inc. (South Williamsport, PA). LH-20 resin was purchased from GE Healthcare (Piscataway, NJ). Pluronic ® copolymers (P123, F127) were generously provided by BASF Corporation (Florham Park, NJ). All other reagents and solvents, if not specified, were purchased from either Fisher Scientific (Pittsburgh, PA) or Acros Organics (Morris Plains, NJ).
Methods
1 H NMR spectra were recorded on a Varian Inova Unity 500 NMR Spectrometer. UV-visible spectra were measured on a Shimadzu UV-1601PC UV-Visible Spectrophotometer. Effective hydrodynamic diameters (D eff ) of the micelles were measured by dynamic light scattering (DLS) using a ZetaPlus analyzer (Brookhaven Instrument Co.) equipped with a Multiangle Sizing Option (BI-MAS). An Agilent 1100 HPLC system with a quaternary pump (with degasser), an autosampler, a fluorescence detector and a diode-array based UV detector was used for triclosan concentration analysis.
Synthesis of Alendronate-Modified Pluronics (ALN-P)
Alendronate-modified Pluronics (ALN-P) were synthesized using "click chemistry" as described previously (23) . Briefly, acetylene-alendronate was synthesized by 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) coupling of 4-pentynoic acid and alendronate with N-hydroxysuccinimide (NHS) activation (Yield: 76%). P-toluenesulfonyl terminated Pluronics (Tos-P) were synthesized by the reaction of Pluronics with p-toluene sulfonyl chloride using 4-dimethylaminopyridine (DMAP) as a catalyst in dichloromethane (DCM) at room temperature (Yield: Tos-P85, 54%; Tos-P123, 60%; Tos-F127, 47%). Azide terminated Pluronics (Azido-P) were synthesized by the reaction of Tos-P with sodium azide at 110°C in DMF (Yield: Azide-P85, 94%; Azide-P123, 96%; Azide-F127, 90%). ALN-Ps were synthesized by the "click" reaction of acetylene-alendronate with Azido-P using sodium ascorbate and copper (II) sulfate pentahydrate as a catalyst in EtOH/H 2 O (1:1) at room temperature (Yield: ALN-P85, 65%; ALN-P123, 70%; ALN-F127, 73%). The products from each step were confirmed by 1 H NMR. For all ALN-Ps, the percentage of Pluronic's chain termini being modified by ALN is estimated to be ≥90% by NMR spectra.
Triclosan-Loaded Micelle Formulation
Three different methods were used to prepare triclosanloaded micelles: film hydration, solvent evaporation and direct equilibrium. For the film hydration method, an excess amount of triclosan (100 mg) was dissolved in a methanol solution of Pluronic P123 (1 mL, 100 mg/mL). Methanol was then removed by rotor evaporation at 60°C to form a film of the drug and polymer. To completely remove the solvent residue, the film was placed in vacuum overnight. To prepare the micelle, the film was first heated at 60°C for 10 min and then hydrated by water at 60°C for 30 min. For the solvent evaporation method, Pluronic P123 and triclosan (100 mg each) were first dissolved in 1 mL of acetone and then added drop-wise to water (5 mL) under stirring. The acetone was allowed to evaporate overnight. For the direct dissolution method, Pluronics (P123 or F127, containing different amounts of ALN-P85, ALN-P123, or ALN-F127; 100 mg polymer in total) were first dissolved in water (5 mL) and placed at 4°C overnight, and then the system was equilibrated at 24°C for 24 h in order to allow micelle formation. Then an excess amount of triclosan (100 mg) was added to this solution, and dissolution of the drug was allowed under stirring for 24 h. In all three methods, the undissolved drug was removed by centrifugation at 12,000 rpm for 0.5 min, followed by filtration of the supernatant through a 0.2 μm filter.
Characterization of Triclosan-Loaded Micelles
To determine the triclosan solubility in each micelle formulation, an aliquot of each micelle solution was directly dissolved in acetonitrile to release all encapsulated drugs, and the drug concentration was measured by HPLC with the following conditions: Agilent C 18 reverse-phase column (4.6 × 250 mm, 5 µm) was used with the mobile phase of acetonitrile/water (65:35, v/v) at a flow rate of 1 mL/min. The UV detection was set at 280 nm. Micelles were also characterized for their effective hydrodynamic diameters (D eff ) using DLS.
In Vitro HA Binding Assay of Triclosan-Loaded Micelles
Micelle formulations (200 μL each) were mixed with HA particles (20 mg/tube) in Eppendorf centrifuge tubes. The tubes were placed on a Labquake ® rotator to allow binding at room temperature. At each predetermined time point, three tubes were removed and centrifuged (12,000 rpm, 0.5 min), and 100 μL of the supernatant was collected. The concentration of triclosan in collected samples was then analyzed by HPLC with the conditions aforementioned. The amount of triclosan bound to HA particles via the micellar formulation was calculated by subtracting the amount of triclosan left in the supernatant from the initial amount of triclosan added.
In Vitro Triclosan Release Study
Micelle formulations were sealed into a dialysis bag (MWCO 12,000) with or without HA particles (500 mg) and incubated in 20 mL of release medium (0.1 M PBS, pH=7.4 containing 2% Pluronic P85) to release the encapsulated drug at 37°C with gentle shaking. At predetermined time intervals, samples (0.5 mL) were removed from the release medium and replaced with fresh medium. The collected samples were then mixed with an equal volume of acetonitrile, filtered (0.2 µm) and analyzed with HPLC.
Bacterial Culturing Conditions
S. mutans UA159 (18) frozen stock cultures were maintained in 25% (v/v) glycerol at −80°C. For each experiment, S. mutans was streaked from a frozen stock onto Todd HewittYeast Extract (THYE; Todd Hewitt broth containing 0.3% w/v yeast extract) agar (1.5% w/v). After 48 h growth at 37°C and 5% CO 2 , a single colony of bacteria was inoculated into 3 mL of THYE broth (19) and allowed to grow statically overnight at 37°C and 5% CO 2 . The next day, the overnight culture was diluted to a density of 2×10 4 CFU/mL in chemically defined media containing 0.25% w/v glucose and 0.25% w/v sucrose (CDM), prepared as previously described (19) .
In Vitro Inhibition of S. mutans Biofilm Formation on HA discs
Autoclaved HA discs (0.5′ diameter×0.04-0.06′ thick) were incubated with different micelle solutions or CDM in a 24-well plate for 1 h and then washed in 40 mL of saline (under magnetic stirring at 200 rpm) for 5 s to remove unbound micelles. The HA discs were then transferred to wells containing 1 mL of S. mutans UA159 suspension (1×10 4 CFU/mL in CDM) and cultured statically for 48 h to allow biofilm growth at 37°C and 5% CO 2 , prior to quantification of bacterial growth.
In Vitro Treatment of Preformed S. mutans Biofilm Growth on HA Discs
Autoclaved HA discs were incubated in 1 mL of S. mutans UA159 suspension (1×10 4 CFU/mL in CDM) and cultured statically for 48 h to allow biofilm growth at 37°C and 5% CO 2 . These 48 h HA disc biofilms were then either treated with different micelle formulations for 5 min or left as untreated controls. After treatment, the HA disc biofilms were washed in 40 mL of saline (under magnetic stirring at 200 rpm) for 5 s to remove loosely attached micelles before each was transferred to wells of a 24-well plate containing sterile CDM media, and grown at 37°C, 5% CO 2 . This same procedure was repeated at 72 h and 96 h of growth, prior to quantification of biofilm growth.
Biofilm Analysis
At the end of each experiment, HA disc biofilms were individually transferred to a well containing 1 mL of THYE medium. The surface of each HA disc was gently scraped with a sterile spatula to harvest adherent cells. The removed biofilms were subjected to vortex mixing for 10 s and then serially diluted in THYE broth at a 1:10 ratio. The number of viable cells in each sample was quantified using the track dilution method (20) . All plates were incubated for 48 h at 37°C with 5% CO 2 , and then the CFUs recovered per biofilm were determined. Specific differences between the log-CFU/biofilm of each experimental group were analyzed using the Student ttest. A p-value of<0.05 was considered as statistically significant.
RESULTS
Influence of Formulation Method and Type of Pluronic on Triclosan Solubility and Micelle Size
Three different methods, including film hydration (21), solvent evaporation (22) and direct dissolution (23), were used to prepare triclosan-loaded Pluronic micelles. The results presented in Table 1 show that high triclosan solubility in the Pluronic P123 micelle was achieved when prepared by the direct dissolution method. This high solubility is in agreement with previously published data (23) . To investigate the influence of different pluronic copolymers on triclosan solubility and micelle size, Pluronics P123 and F127, which are different in hydrophilicity and molecular weight (Table 2) , were used to formulate triclosanloaded micelles using the direct dissolution method. High and similar triclosan solubility was achieved using the two polymers, and they all have small but relatively widely distributed particle size. Based on these data, the direct dissolution method was chosen as the micelle formulation method in subsequent studies.
Influence of the Addition of Different ALN-Ps on Triclosan Solubility and Micelle Size ALN-P85, ALN-P123, and ALN-F127 were synthesized and added into the micelle structure to confer mineral binding ability to the micelles. As shown in Table 3 , the triclosan solubility in P123 micelle formulations was improved by all ALN-Ps (all p≤0.05). For the F127 micelle, none of the ALN-Ps were able to improve triclosan solubility. As for the particle size, the ALN-Ps did not show strong influence on particle size of the micelles.
In Vitro HA Binding Assay of Triclosan-Loaded Micelles
The HA binding assay was carried out using a previously described method (24, 25) . Without ALN-Ps, P123 and F127 micelles alone showed very limited non-specific binding to HA powders (< 5%). The binding capacity (percentage of binding measured at 1 h) of the F127 micelles was improved by increasing the amount of ALN-Ps from 10% to 40% in the micelle structures in all cases (all p ≤ 0.05); however, for P123 micelles except for the combination of P123 micelle with ALN-F127, no significant increase of binding capacity was observed (Fig. 1a & b) . Results of the binding kinetic study (Fig. 2) showed that all three ALN-Ps were able to give the P123 micelle very fast binding kinetics, where the majority of HA binding occurred within 1 min.
In Vitro Triclosan Release Study
Triclosan release profiles from micelles prepared using P123 or F127 are shown in Fig. 3a . In both cases, triclosan was released from the micelles in a sustained manner within a 48 h period, and no burst release was observed. F127 micelle had a faster release rate than P123 micelles. Introduction of ALN-F127 into the micelle structure as well as its binding to HA particles seems to have very limited effect on triclosan release behavior (Fig. 3b) . The combinations of P123 with 20% ALN-F127, which had high HA binding capacity and small particle size, were selected and further tested on an in vitro dental biofilm model. 
In Vitro Inhibition of S. mutans Biofilm Formation on HA Discs
To study the effect of these micelles on initial biofilm formation, HA discs were first treated with different micelle formulations or untreated before they were washed with sterile saline and incubated with S. mutans to initiate biofilm formation. The results of these studies (Fig. 4a) demonstrate that the triclosan-containing tooth-binding P123 micelle (TBMP123, containing 20% ALN-F127) showed strong inhibition of biofilm formation on HA discs when compared to the untreated blank control (UTB). Interestingly, the triclosan-containing non-binding P123 micelles (NBMP123, containing 20% F127) also displayed a weak, albeit significant inhibitory effect when compared to the UTB. The vesicles themselves (empty tooth-binding P123 micelles, EBMP123, containing 20% ALN-F127) did not show any inhibition on biofilm formation. Finally, the inhibitory effect of TBMP123 (6-log reduction in CFU/ biofilm compared to UTB) was significantly higher than NBMP123 (2-log reduction in CFU/biofilm compared to UTB).
In Vitro Treatment of Preformed S. mutans Biofilm on HA Discs
To explore the feasibility of using tooth-binding micelle to treat preformed biofilm, HA discs were inoculated with S. mutans and incubated for 48 h to allow for biofilm development. Then, they were treated with different micelle formulations for 5 min per day at 2, 3, and 4 days post-inoculation. The results shown in Fig. 4b indicate that both the tooth-binding micelle and non-binding micelle were able to greatly reduce biofilm viability when compared to the UTB, whereas the vesicle itself (EBMP123) had no discernable effect on biofilm viability. Furthermore, b The average numbers of EO and PO units were calculated using the average molecular weights of the Pluronics. the bacteria-killing effect of TBMP123 was significantly stronger than that of NBMP123.
DISCUSSION
One critical factor that may predict the success of an antibiofilm chemotherapy is how long it may remain on the tooth surface. Without adequate drug retention, any reduction in the amount of cariogenic bacteria caused by the application of an antimicrobial agent in the oral cavity are temporal, with the bacteria colonies easily re-established between doses. The delivery system we developed would provide a drug retention mechanism on the tooth surface and allows for the constant release of drug for a prolonged period of time. This should keep an effective inhibitory concentration of the antimicrobial at the tooth surface and greatly reduce the potential for biofilm re-establishment.
The goals of this current work were (1) to prepare and optimize triclosan-loaded tooth-binding micelles with respect to triclosan solubility, particle size and HA binding kinetics; (2) to evaluate their ability to inhibit biofilm formation on HA surface; and (3) to explore the feasibility of using these micelles to treat preformed biofilms. To achieve these goals, different micelle preparation methods, different pluronic copolymers and different alendronateterminated pluronic copolymers were compared. Of the three methods used to prepare triclosan-loaded micelles, the direct dissolution method achieved the highest triclosan solubility. In contrast, the film hydration and solvent evaporation methods showed much lower triclosan solubility, probably because in these two methods, the triclosan crystallization process was faster than the micelle formation process (22) . Therefore, only a portion of the drug was able to incorporate into the micelle core during the micelle formation process, while the rest of the drug formed drug crystals. On the other hand, a dynamic transferring process was established in the direct dissolution method. Drug transferred from drug crystals to the water phase and then to the hydrophobic micelle core until equilibrium was reached (26) . Although the direct dissolution method was more time consuming when compared to the other two methods, it was chosen for use in subsequent studies based on the high drug solubility and simplicity. In the core-shell structure of Pluronic micelles, the hydrophilic corona (formed by the ethylene oxide (EO) block of the polymer) provides dispersion stability to the micelle, while the hydrophobic propylene oxide (PO) core serves as a microenvironment for the incorporation of hydrophobic compounds (27) . Studies have shown that hydrophobic Pluronics which have a higher PO/EO ratio exhibit higher solubilization capacity than hydrophilic Pluronics (28) . This is consistent with the results in Table 2 , where micelles prepared with P123 showed the higher triclosan solubility. Another finding was that all micelle preparations showed a high PDI value, which means that the preparations had wide size distributions (Table 2) . However, only monomodal size distribution pattern was observed in all preparations (data not shown). This wide distribution may be attributed to the wide polydispersity of commercial Pluronic copolymers. The different drug content among micelles may contribute to this wide size distribution as well. We also tried to use Pluronic P85 to prepare the micelle; however, the resulting micelle solution was unstable, and phase separation happened during high-speed centrifugation. The P85 micelle solutions were opalescent in appearance, whereas the P123 and F127 micelle solutions were clear and transparent. The particle size of P85 micelles was measured to be around 100 nm with a large PDI. Based on the molecular weights and PO/EO compositions of P85, P123, and F127, the P85 micelle should theoretically be the smallest amongst the three (28) . Therefore, the observations described above seem to suggest that a secondary association has taken place in the P85 micelle solution (23, 29) , and thus it was not selected for further investigation due to its instability.
The incorporation of ALN-Ps into the micelle structure did not significantly affect the triclosan solubility and particle size of F127 micelles. However, ALN-Ps were able to increase triclosan solubility in P123 micelles. ALN-Ps are more hydrophilic when compare to their precursors, due to the presence of the ALN head group. Therefore, for the hydrophobic Pluronic copolymer P123, the introduction of the relatively more hydrophilic ALN-Ps into the micelle structure likely led to the reduction of the micelle association number and reduced core size (30, 31) . In our experiment, we did observe a slight decrease in particle size of P123 micelle when ALN-Ps were added into micelle structure; however, at current PDI value (0.2-0.3), it is difficult to make a comparison.
The influence of different ALN-Ps on micelle binding capacity to HA particles was also investigated (Fig. 1) . For F127 micelles, the increase of ALN-Ps content from 10% to 40% was found to promote the micelle binding, but the effect was not observed in P123 micelles. This may suggest the presence of a small amount of ALN-P in P123 micelle structure is likely sufficient to induce strong HA binding and saturate the HA surface (Fig. 1) . Further binding kinetic studies were then carried out (Fig. 2) , and a swift binding curve was observed, similar to previous reports (17) . It should be noted that due to the molecular weight difference among the three ALN-Ps, equivalent amount (weight) of different ALN-Ps contains different amounts of ALN.
Another potential advantage of polymeric micelles is their ability to slowly release a molecule over time (32) . Sustained release profiles of triclosan from both Pluronic P123 and F127 micelles were observed in the in vitro release study (Fig. 3a) . The F127 micelle showed a faster release of encapsulated triclosan compared to the P123 micelle. The long EO chain of F127 can increase the distribution of EO units and water molecules into the core of micelle, which may facilitate the release of triclosan molecules into the surrounding media (21, 33) . However, this releasefacilitating effect of F127 was not observed when P123 was mixed with ALN-F127 (Fig. 3b) . Also, the binding of micelles to HA particles (Fig. 3b) did not significantly change the release profile, suggesting micelle can slowly release drug even after binding to the tooth surface.
The features of an ideal tooth-binding micelle formulation should include (1) a high drug solubility in the solution and a high binding capacity of the micelle to HA surface, such that the maximal amount of drug can be immobilized onto the tooth surface; (2) a small particle size, so that the micelles can have access to narrow areas, such as between caries-prone tooth-tooth contact areas (34) , and potentially penetrate the biofilm; (3) a fast binding kinetic to increase patient compliance; and (4) a sustained release behavior to provide prolonged antimicrobial exposure to dental biofilm. From the results of the micelle formulation optimization and characterization in this study, we have chosen the combination of P123/ALN-F127, which has a small particle size and high binding capacity, to proceed with the next step of our study-in vitro biofilm evaluation.
The in vitro biofilm inhibition study (Fig. 4a ) was designed to evaluate the ability of tooth-binding micelles to prevent biofilm accumulation on a clean fresh tooth surface (after tooth brushing). Results showed that the P123/ALN-F127 (TBMP123) tooth-binding micelle was able to efficiently prevent biofilm accumulation, and the effect was significantly stronger than the non-binding micelle P123/F127 (NBMP123). Another interesting observation in this experiment was that identifiable bacteria growth was observed at the bottom of wells around the P123/ALN-F127 (TBMP123)-bound discs (data not shown). This observation may indicate that the killing effect of P123/ALN-F127 (TBMP123) micelle is more concentrated at the HA surface. In reality, targeting killing of plaque bacteria attached to tooth surface is desirable, as this may limit the unwanted interruption and suppression of the beneficial oral flora.
Routine dental hygiene procedures are unable to completely remove dental plaque in the oral cavity. Therefore, it is of great interest to investigate if toothbinding micelles can treat existing dental biofilm. To test the feasibility of this application, an in vitro preformed biofilm treatment study was carried out on HA discs (Fig. 4b) . In this study, biofilm was allowed to grow on HA discs for 48 h before micelle formulations were applied. After 3 days of treatment at only 5 min per day, the toothbinding micelle formulation greatly reduced viability of the preformed biofilm when compared to untreated control, indicating that the tooth-binding micelle was able to target and be retained on the HA surface in the presence of preformed biofilm. Retention of the tooth-binding micelles in this scenario might be attributed to binding of the micelles to exposed HA surface between biofilm microcolonies or the access of the micelle to the HA disc surface via the water channels in the biofilm. The P123/ALN-F127 (TBMP123) micelle showed a significantly stronger treatment efficacy compared to non-binding micelle (NBMP123). Non-binding micelles also showed bacterial killing, perhaps due to a greatly increased drug solubility and non-specific interaction between the micelle and the HA surface and/or biofilm.
CONCLUSION
In this study, we have successfully prepared triclosan-loaded tooth-binding micelles and optimized their formulation by assessing different preparation methods, different Pluronic copolymers, and different ALN-terminated Pluronics. The tooth-binding formulation that displayed high triclosan solubility, small particle size, potent HA binding capacity, and sustained in vitro drug release behavior was further evaluated using an in vitro dental biofilm model. This toothbinding micelle showed strong inhibition of biofilm formation on clean HA surface and was also able to effectively reduce the viability of preformed biofilms. Such micelle formulations may have strong potential for the prevention and treatment of dental caries.
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